ical forage legumes. Breeding work with the objective of obtaining a nontoxic strain of creeping indigo has been hampered by the difficulty and expense of experimenting directly on cattle with toxic materials. Since the original finding that creeping indigo was toxic to cattle (9; I O ) , all attempts to identify the toxic substance have been with small test animals. Rosenberg and Zoebisch (11) showed that chicks would exhibit characteristic symptoms when fed creeping indigo. Evidence that the toxic chemical is 3-nitropropanoic acid has been brought forward by workers in Puerto Rico and Hawaii (2, 4, 8) u s i n g chicks as test organisms. Hutton et al. (6) , working in Australia, showed that when mice were fed creeping indigo seed, which contains no 3-nitropropanoic acid, they nevertheless developed the liver lesions which also followed ingestion of creeping indigo leaf. This evidence suggested that 3-nitropropanoic acid is not the only toxic agent in this plant. The situation has been further complicated by the fact that satisfactory methods for the determination of 3-nitropropanoic acid were not available. Recently a sensitive chemical method has been devised for the determination of this chemical (7) and one of the present authors (M. M. F.) has developed a polarographic technique with the same objective. The present paper reports the relationship of levels of 3-nitropropanoic acid in plant material to toxicity in chicks.
MATERIALS AND METHODS
The plant leaf material used in these studies was obtained from three clones of creeping indigo found as a result of an extensive screening program at the Hawaii Agricultural Experiment Station ( 1 ) . These plants are designated P2-28, a clone which has consistently proven highly toxic to chicks; 184-1, a clone of intermediate toxicity; and a third clone 221-3 which has consistently been one of the least toxic strains. Seed of creeping indigo was obtained from a number of other plants grown at the Hawaii Agricultural Experiment Station. Plants which produced this seed had not been tested for toxicity and presumably varied in degree in this regard. Alfalfa leaf used in the control group was grown at the Hawaii Agricultural Experiment Station and was dried and prepared in the same way as the creeping indigo leaf meal (2). Preparation of the e x p e r i m e n t a l and control rations was as described by Britten et al. ( 2 ) . The level of the test material was 5% of the total ration. Assay of 3-nitropropanoic acid was by the polarographic method.
Birds used in the experiment were of a fast-growing meat type used in the broiler industry. Day-old male chicks were fed a standard chick ration for one week before experiment to eliminate any inherently weak birds. Each experimental unit consisted of a group of five birds. Birds were weighed and placed in 25 groups, each group tending to receive chicks of low, intermediate, and high weights on the basis of statistical stratification. Each group was then assigned, at random, to 1 of the 5 treatment categories. Each treatment was replicated 5 times, thus 25 birds received each test ration. Experimental treatments were: creeping indigo leaf meal from the plants of the three clones; creeping-indigo seed meal; and alfalfa leaf meal as a control. Chicks were weighed at 7 and 14 days after beginning the test diet. The experiment was then terminated. The criterion used as a quantitative measure of toxicity was failure to gain weight. Observations were also made on the chicks for gross symptoms of toxicity. Brain, liver, and kidney tissue from 2 or 3 birds in each group was examined microscopically.
RESULTS
The principal results are shown in Table 1 . The analysis of 3-nitropropanoic acid in the 5 plant materials used in compounding the rations is given and the toxic effects on the chicks as indicated by gross symptoms, pathologic lesions, and 14-day gains in weight. The development of pronounced macroscopic symptoms indicates severe toxicity in chicks but shows up only after intake of the most toxic strains of creeping indigo. The fact that severe symptoms occurred in 28% of the birds after 2 weeks on clone P2-28 and not in any other group indicates the virulent effect of this clone. It may be seen that birds in this group also gained least in weight. While some exhibited severe symptoms, a number of birds in this group exhibited mild symptoms of toxicity. Mild symptoms were also evident in some receiving clone 184-1. No birds on 221-3 exhibited any symptoms either mild or severe. Because of difficulty in classifying mild symptoms, individuals in this category are not enumerated in the table.
Lesions of the liver have been associated with creeping indigo toxicity (6, 9 ) . No liver lesions were encountered in the controls or in those receiving creeping indigo seed.
AI1 birds receiving leaf meal exhibited some microscopic Published September, 1963 
